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[Title of the Invention] LIQUID CRYATAL SUBSTRATE BONDING 

METHOD 
[Abstract] 

[Object] There is provided a method of bending two sheets 
of substrates of a liquid crystal display device which can 
improve throughput and quality while ensuring a gap accuracy 
of two sheets of substrates. 

[Solving Means] For two sheets of opposite substrates 
bonding, one substrate 23 is mounted on a board 24 and fixed 
to a fixing pin 25, the other substrate 26 is fixed with an 
absorption apparatus 27 having a groove hole diameter of 
less than 3 mm or a groove width of less than 3 mm through 
vacuum absorption, the one substrate and the other substrate 
are relatively moved to match a position, and then, pressed 
and thus the one substrate and the other substrate are 
bonded through an adhesive 21. 

[Claims] 

[Claim 1] A liquid crystal substrate bonding method 
comprising: 

fixing a lower substrate having an adhesive coated on a 
substrate surface and a liquid crystal material inserted, in 
a vacuum chamber, such that the adhesive side and the liquid 
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crystal material side face upwards- 
fixing an outer overall surface of an upper substrate 

arranged in a predetermined interval to face the lower 

substrate through vacuum absorption using an absorption 

portion having a groove hole diameter of less than 3 mm or a 

groove width of less than 3 mm; 

relatively moving both of the upper and lower 

substrates in a substrate surface direction to match a 

position; 

moving and pressing at least one substrate in a 
direction perpendicular to the substrate surface; and 

bonding the upper and lower substrates. 
[Claim 2] The liquid crystal substrate bonding method 
according to Claim 1, wherein the outer overall surface of 
the lower side of the lower substrate is fixed through the 
vacuum absorption using the absorption portion having a 
groove hole diameter of more than 0.5 mm and less than 3 mm 
or a groove width of more than 0.5 mm and less than 3 mm. 

[Claim 3] A liquid crystal substrate bonding method 
comprising: 

arranging a spacer on a lower side of a lower substrate 
having an adhesive coated on a substrate surface and a 
liquid crystal material inserted, in a vacuum chamber, in a 
region of the adhesive and the liquid crystal material; 

fixing the spacer to a pressing unit such that the 
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adhesive side and the liquid crystal side face upward; 

fixing an outer overall surface of an upper substrate 
arranged in a predetermined interval to face the lower 
substrate through vacuum absorption using an absorption 
portion; 

relatively moving both of the upper and lower 
substrates in a substrate surface direction to match a 
position; 

moving and pressing at least one substrate in a 
direction perpendicular to the substrate surface; and 
bonding the upper and lower substrates. 
[Claim 4] The liquid crystal substrate bonding method 
according to Claim 3, wherein the spacer is also arranged on 
an upper side of the upper substrate in a region 
corresponding to the region of the adhesive and the liquid 
crystal material of the lower substrate. 

[Claim 5] The liquid crystal substrate bonding method 
according to Claim 3, wherein the upper substrate is fixed 
using the absorption portion. 

[Claim 6] The liquid crystal substrate bonding method 
according to any one of Claims 1 to 5, 

wherein the absorption portion includes a plurality of 
absorption holes, and 

wherein an absorption hole aperture ratio of a surface 
contacting with an absorption board of the substrate to an 
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overall area is more than 50%. 



[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a method of bonding a 
liquid crystal substrate such as a liquid crystal device for 
use in an image display panel such as a personal computer or 
a TV receiver. 
[0002] 

[Description of the Related Art] 

A substrate bonding method of a liquid crystal device 
is described with reference Figs. 5 to 7 . An arrangement of 
the liquid crystal device has a lower substrate 1 and an 
upper substrate 2 with a constant gap, in which the 
substrates are made of a transparent material and an 
ultraviolet curing type adhesive 3 is arranged therebetween, 
as shown in Fig. 5. In Fig. 5, an adhesive in a shape of 
four angled frame is coated in advance on the lower 
substrate, and then, the upper substrate 2 is covered 
thereon so that it is adhered to the adhesive. In addition, 
as shown in Figs. 6A to 6C, one example method of arranging 
the liquid crystal material 4 on the adhesive 3 is a liquid 
dropping method including coating the adhesive 3 in a shape 
of four angled frame and in a thickness of 30 urn on the 
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surface of the lower substrate 1, and then, overlapping the 
upper substrate 2 thereon to press the upper substrate 2 and 
the lower substrate 1 up to 5 urn, and curing the adhesive 3 
by ultraviolet 5 to complete the panel. 
[0003] 

A method of bonding two sheets of substrates will now 
be described in detail with reference to Figs. 7A to 7D. 
First, as shown in Fig. 7A, the ultraviolet curing type 
adhesive 3 coated on the surface in a shape of four angled 
frame and in a thickness of 30 urn, and the lower substrate 1 
having the liquid crystal 4 arranged in the four frame of 
the corresponding adhesive 3 are mounted on a table 6 which 
is movable in the horizontal direction, and the surrounding 
thereof is fixed to a fixing pin 7. Next, as shown in Fig. 
7B, an outer overall of the other upper substrate 2 arranged 
in a predetermined gap is fixed to face the lower substrate 
1 through vacuum absorption using the absorption apparatus 8 . 
Next, as shown in Fig. 7B, in the vacuum chamber C, a table 
having the lower substrate 1 mounted thereon is moved in a 
horizontal direction, to match a position between the lower 
substrate 1 and the upper substrate 2. Next, as shown in 
Fig. 7C, in the vacuum chamber C, the upper substrate 2 is 
pressed up to 5 pm in a vertical direction, and the upper 
substrate is bonded to the lower substrate 1 through the 
adhesive 3. Next, as shown in Fig. 7D, ultraviolet 5 is 
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illuminated to cure the adhesive 3, and thus the bonding 
between the lower substrate 1 and the upper substrate 2 is 
completed. 
[0004] 

[Problems to be Solved by the Invention] 

However, in the conventional method, each absorption 
hole of the absorption apparatus 8 that absorbs the entire 
outer surface of the substrate 2 has a hole diameter of more 
than 5 mm, or a groove width of a absorption groove portion 
of more than 5 mm, so that substrate deformation is 
increased in the air or vacuum, and in particular, in case 
of the upper substrate 2 having a plate thickness of 0.7 mm, 
the substrate is partially and significantly floated in the 
absorption hole or the absorption groove portion, and a gap 
accuracy with the lower substrate 1 is more than 0.1 pm, and 
thus there is a problem of image spot defects due to a non- 
uniform gap. To avoid the substrate deformation, when each 
absorption hole of the absorption apparatus 8 has a hole 
diameter of less than or equal to 0.5 mm, or a groove width 
of the absorption groove portion of less than or equal to 
0.5 mm, an effective resistance at each absorption hole or 
the absorption groove portion of the absorption apparatus 8 
grows large, so that there is a problem in that a 
predetermined absorption capability is not obtained. In 
addition, a region other than the region where the adhesive 
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3 and the liquid crystal 4 are arranged is pressed, so that 
the region other than the region of the adhesive 3 of the 
upper substrate 2 and the lower substrate 1 is deformed 
inwardly between the upper substrate and the lower substrate, 
and thus due to a repulsion, the region of the adhesive 3 
and the liquid crystal 4 is partially deformed outwardly 
between the upper substrate and the lower substrate and 
significantly floated and a gap accuracy is more than 0.1 urn. 
Therefore, there is a problem of image spot defect due to a 
non-uniform gap. Therefore, to order to solve the above 
problems, there is provided a method of bonding a liquid 
crystal substrate of a liquid crystal display device, which 
can remove the non-uniform gap in the region of the adhesive 
and the liquid crystal material, suppress the gap accuracy 
within 0.1 urn, remove the image spot defect, and attempt to 
improve the product throughput and quality. 
[0005] 

[Means for Solving the Problems] 

To accomplish the above object, the present invention 
is configured as described below. One aspect of the present 
invention provides a liquid crystal substrate bonding method 
comprising: fixing a lower substrate having an adhesive 
coated on a substrate surface and a liquid crystal material 
inserted, in a vacuum chamber, such that the adhesive side 
and the liquid crystal material side face upward; fixing an 
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outer overall surface of an upper substrate arranged in a 
predetermined interval to face the lower substrate through 
vacuum absorption using an absorption portion having a 
groove hole diameter of less than 3 mm or a groove width of 
less than 3 mm; relatively moving both of the upper and 
lower substrates in a substrate surface direction to match a 
position; moving and pressing at least one substrate in a 
direction perpendicular to the substrate surface; and 
bonding the upper and lower substrates. With the above 
arrangement, a gap accuracy of two sheets of substrates 
arranged at opposite positions can be suppressed to be less 
than 0.1 pm. 
[0006] 

Another aspect of the present invention provides the 
liquid crystal substrate bonding method claimed in Claim 1, 
in which the outer overall surface of the lower side of the 
lower substrate is fixed through the vacuum absorption using 
the absorption portion having a groove hole diameter of more 
than 0.5 mm and less than 3 mm or a groove width of more 
than 0.5 mm and less than 3 mm. With the above arrangement, 
a gap accuracy of two sheets of substrates arranged at 
opposite positions can be suppressed to be less than 0.1 \im. 

[0007] 

Still another aspect of the present invention provides 
a liquid crystal substrate bonding method comprising: 
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arranging a spacer on a lower side of a lower substrate 
having an adhesive coated on a substrate surface and a 
liquid crystal material inserted, in a vacuum chamber, in a 
region of the adhesive and the liquid crystal material; 
fixing the spacer to a pressing unit such that the adhesive 
side and the liquid crystal side face upward; fixing an 
outer overall surface of an upper substrate arranged in a 
predetermined interval to face the lower substrate through 
vacuum absorption using an absorption portion; relatively 
moving both of the upper and lower substrates in a substrate 
surface direction to match a position; moving and pressing 
at least one substrate in a direction perpendicular to the 
substrate surface; and bonding the upper and lower 
substrates. With the above arrangement, a gap accuracy of 
two sheets of substrates arranged at opposite positions can 
be suppressed to be less than 0.1 urn. 
[0008] 

Still another aspect of the present invention provides 
a liquid crystal substrate bonding method claimed in Claim 3, 
in which the spacer is also arranged on an upper side of the 
upper substrate in a region corresponding to the region of 
the adhesive and the liquid crystal material of the lower 
substrate. With the above arrangement, a gap accuracy of 
two sheets of substrates arranged at opposite positions can 
be suppressed to be less than 0.1 urn. 
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[0009] 

Still another aspect of the present invention provides 
a liquid crystal substrate bonding method claimed in Claim 3, 
in which the upper substrate is fixed using the absorption 
portion. With the above arrangement, a gap accuracy of two 
sheets of substrates arranged at opposite positions can be 
suppressed to be less than 0.1 um. 

[0010] 

Still another aspect of the present invention provides 
a liquid crystal substrate bonding method claimed in Claims 
1 to 5, in which the absorption portion includes a plurality 
of absorption holes, and an absorption hole aperture ratio 
of a surface contacting with an absorption board of the 
substrate to an overall area is more than 50%. 

[0011] 
[Embodiments] 

Preferred embodiments of the present invention will now 
be described in detail with reference to the accompanying 
drawings . 

[0012] 

(First Embodiment) 

As an example liquid crystal substrate bonding method 
according to a first embodiment of the present invention, a 
method of bonding two sheets of substrates will be described 
in the context of a liquid crystal device, with reference to 
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Figs. 1A, IB, 1C, and ID. Figs. 1A, IB, 1C, and ID are a 
schematic cross sectional view for explaining a bonding 
method. First, as shown in Fig. 1A, an ultraviolet curing 
type adhesive 21 coated in a shape of a four angled frame 
and, for example, in a thickness of 30 urn, and a liquid 
crystal material 22 in the four angled frame of the adhesive 
21 are arranged on a surface through a dropping method and 
the like, and in addition, a lower substrate 23 made of a 
transparent material is mounted on a table 24 which is 
movable in a horizontal direction, and a circumference of 
the lower substrate 23 is fixed with the fixing pin 25 to 
the table 24 so as not to be movable (step SI) . The fixing 
method may be absorption. An example of the table 24 may be 
an XY table that can independently reciprocate or rotate 
within a horizontal direction surface in two directions, 
i.e., the X direction and the Y direction perpendicular 
thereto, using X and Y direction driving devices, 
respectively. In addition, the thickness of the adhesive 21 
is not limited to 30 urn, and it may be 15 pm to 35 urn, as 
another example. 
[0013] 

Next, as shown in Fig. IB, the lower substrate 23 fixed 
to the table 24 is put into the vacuum chamber C, and an 
outer overall surface of the upper substrate 26, i.e., an 
upper surface in Fig. 1C made of a transparent material is 
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fixed through the vacuum absorption (e.g., vacuum absorption 
used to cause a pressure of an absorption portion 27a to be 
about 0.1 Torr) , using an absorption board 27, which is 
connected to a vacuum absorption device 127, having the 
absorption portion 27a such as a plurality of absorption 
holes each having a hole diameter of less than 3 mm or a 
groove width of the absorption groove portion of less than 3 
mm, and then, the inner overall surface of the upper 
substrate 26, i.e., the lower surface in Fig. IB is arranged 
such that the lower surface extends along the horizontal 
direction. Next, the table 24 having the lower substrate 23 
mounted thereon is moved in a horizontal direction, and 
position matching is performed between the lower substrate 
23 and the upper substrate 26 (step S2) . A specific example 
of a transparent material of the upper substrate 26 and a 
specific example of the material of the lower substrate 23 
are glass or plastic. 
[0014] 

In addition, Fig. 8B is a plan view of an example 
arrangement of a plurality of absorption holes, in which 
each of absorption holes 27a-2 arranged in a region 
corresponding to a substrate surface of the absorption board 
has a hole diameter 3 of less than 3 mm, as an example of an 
arrangement of the absorption portion 27a of the absorption 
board 27. Figs. 8A and 8C are, respectively, an example 
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arrangement of the absorption portion 27a of the absorption 
board 27, which shows a plan view of an example arrangement 
of the absorption groove portion 27a-l in a rectangular 
shape having a groove width of less than 3 mm, arranged in a 
region corresponding to the substrate surface of the 
absorption board 27 , and a plan view of an example 
arrangement of an absorption groove portion 27a-3 in a 
rectangular helical shape having a groove width of less than 
3 mm. At this time, in a case where more than 50% aperture 
area of an opening of all absorption holes or absorption 
groove portions of the absorption board 27 is secured, i.e., 
more than 50% aperture ratio of an absorption hole or an 
absorption groove portion to the entire area of a surface 
contacting to the absorption board 27 of the substrate is 
secured, when the substrate is determined to be glass, it is 
possible to lift the substrate made of glass having a 
thickness of 0.7 mm in a state of chamber pressure of 0.8 
Torr. In addition, in order to ensure that the conventional 
drawbacks are avoided when the hole diameter of each 
absorption hole of the absorption apparatus is less than 0.5 
mm, or the groove width of the absorption groove portion is 
less than 0.5 mm, a hole diameter of each absorption hole of 
the absorption apparatus is determined to be more than 0.5 
mm and less than 3 mm, or the groove width of the absorption 
groove portion is determined to be more than 0.5 mm and less 
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than 3 mm. in addition, to actually use it safely, it is 
desirable that an aperture ratio of the absorption hole is 
more than 70%. 
[0015] 

Next, as shown in Fig. 1C, using a pressing device 128 
like an air cylinder as an example of a pressing unit, the 
absorption board 27 moves down in a vertical direction, the 
upper substrate 26 is bonded to the lower substrate 23 
through the adhesive 21, and a gap between the upper 
substrate 26 and the lower substrate 23 is pressed up to 5 
um (step S3) . In addition, the present invention is not 
limited to pressing the gap between the upper substrate 2 6 
and the lower substrate 23 up to 5 um, but when the gap is 8 
um, the gap may be pressed up to more or less 3 urn. Next, 
as shown in Fig. ID, the two bonded substrates 26 and 23 are 
pulled out from the vacuum chamber C along with the table 24, 
and ultraviolet is illuminated from an ultraviolet 
illumination lamp 28 from above the two bonded substrates 2 6 
and 23. At this time, the upper substrate 26 is made of a 
transparent material, so that it can transmit ultraviolet 
from the ultraviolet illumination lamp 28, and ultraviolet 
can be illuminated to the adhesive 21 between two bonded 
substrates 26 and 23, so that the corresponding adhesive 21 
is ultraviolet cured, and the bonding between the lower 
substrate 23 and the upper substrate 26 is completed (step 
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S4) . 

[0016] 

With the above method, when a pressure of the 
absorption portion 27a is about 0.1 Torr level, the hole 
diameter of each absorption hole of the absorption board 27, 
or the groove width of each absorption groove portion is 
determined to be less than 3 mm (preferably, more than 0.5 
mm, and less than 3 mm) , so that a gap accuracy of two 
sheets of substrates 26 and 23 arranged at opposite 
positions can be suppressed up to less than 0.1 jam, and 
image spot defects can be removed. With respect to this, 
when the hole diameter of each absorption hole of the 
absorption portion 27a of the absorption board 27 or the 
groove width of each absorption groove portion is more than 
3 mm, the substrate deformation due to the absorption 
becomes larger, and the gap accuracy of two sheets of 
substrates 26 and 23 cannot be suppressed up to less than 
0.1 urn, so that image spot defects can be generated. 
[0017] 

In addition, as shown in Fig. 2, an outer overall 
surface of the lower side of the lower substrate 23, i.e., 
the overall lower side may be fixed through vacuum 
absorption using an absorption board 12 0 having an 
absorption portion 120a such as a plurality of absorption 
holes having each hole diameter connected to a vacuum 
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absorption device 120 of less than 3 mm (preferably, more 
than 0.5 mm and less than 3 mm) or having the groove width 
of less than 3 mm (preferably, more than 0 . 5 mm and less 
than 3 mm). Fig. 2 shows an example state in which the 
absorption board is arranged on a surface of the table 24. 
[0017] 

(Second Embodiment) 

As an example liquid crystal substrate bonding method 
according to a second embodiment of the present invention, a 
method of bonding two sheets of substrates will be described 
in the context of a liquid crystal device, with reference to 
Figs. 3A, 3B, 3C, and 3D and Fig. 4. Figs. 3A, 3B, 3C, and 
3D are a schematic cross sectional view for explaining a 
bonding method. First, as shown in Fig. 3A, an ultraviolet 
curing type adhesive 21 coated in a shape of a four angled 
frame and, for example, in a thickness of 30 jam, and a 
liquid crystal material 22 in the four angled frame of the 
adhesive 21 are arranged on a surface through a dropping 
method and the like, and in addition, a spacer is arranged 
on the lower side of the lower substrate 23 made of a 
transparent material in a region corresponding to the region 
of the adhesive 21 and the liquid crystal 22, the lower 
substrate 23 is mounted on a table 24 which is movable in a 
horizontal direction, and a circumference of the lower 
substrate 23 is fixed with the fixing pin 25 to the table 24 
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so as not to be movable (step Sll) . An example of the table 
24 may be an XY table that can independently reciprocate or 
rotate within a horizontal direction surface in two 
directions, i.e., the X direction and the Y direction 
perpendicular thereto, using X and Y direction driving 
devices, respectively. The spacer 29 is made of, for 
example, a rubber, and has a thickness of 0.5 to 3 mm. As a 
shape thereof, a plurality of absorption holes are 
penetrated to absorb the lower substrate 23 to the table 24 
through the spacer 29, and the spacer 29 itself is 
preferably a soft one, having a strength of about O.lkg/mm 2 . 
The spacer 29 is arranged in a region corresponding to the 
region of the adhesive 21 and the liguid crystal 22, so that 
the gap accuracy of two sheets of substrates 26. and 23 in 
the region of the adhesive 21 and the liguid crystal 22 can 
be guaranteed to be within a predetermined range. 
[0019] 

Next, as shown in Fig. 3B, the lower substrate 23 fixed 
to the table 24 is put into the vacuum chamber C, and an 
outer overall surface of the upper substrate 2 6, i.e., an 
upper surface in Fig. 3C made of a transparent material is 
fixed through the vacuum absorption, using an absorption 
board 27, which is connected to a vacuum absorption device 
127, having the absorption portion 27a such as a plurality 
of absorption holes each having a hole diameter of less than 
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3 mm or a groove width of the absorption groove portion of 
less than 3 mm, and then, the inner overall surface of the 
upper substrate 26, i.e., the lower surface in Fig. 3B is 
arranged such that the lower surface extends along the 
horizontal direction. Next, the table 24 having the lower 
substrate 23 mounted thereon is moved in a horizontal 
direction, and position matching is performed between the 
lower substrate 23 and the upper substrate 26 (step S12) . 
[0020] 

Next, as shown in Fig. 3C, using a pressing device 128 
like an air cylinder as an example of a pressing unit, the 
absorption board 27 moves down in a vertical direction, the 
upper substrate 26 is bonded to the lower substrate 23 
through the adhesive 21, and a gap between the upper 
substrate 26 and the lower substrate 23 is pressed up to 5 
um (step S13) . Next, as shown in Fig. 3D, the two bonded 
substrates 2 6 and 23 are pulled out from the vacuum chamber 
C along with the table 24, and ultraviolet is illuminated 
from an ultraviolet illumination lamp 28 from above the two 
bonded substrates 2 6 and 23. At this time, the upper 
substrate 26 is made of a transparent material, so that it 
can transmit ultraviolet from the ultraviolet illumination 
lamp 28, and ultraviolet can be illuminated to the adhesive 
between the two bonded substrates 26 and 23, so that the 
corresponding adhesive 21 is ultraviolet cured, and the 
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bonding between the lower substrate 23 and the upper 
substrate 26 is completed (step S14) . 
[0021] 

With the above method, the spacer 29 is arranged in a 
region corresponding to the region of the adhesive 21 and 
the liquid crystal 22 of the lower substrate 32, so that a 
gap accuracy of two sheets of substrates 26 and 23 arranged 
at opposite positions can be suppressed up to less than 0.1 
pm and image spot defects can be removed, irrespective of a 
flatness of the table 24 or the absorption board 27. 

[0022] 

In addition, according to the second embodiment in the 
same manner as in the first embodiment, the absorption 
portion 27a of the absorption board 27 includes a plurality 
of absorption holes each having a hole diameter of less than 
3 mm (preferably, more than 0.5 mm and less than 3 mm) or an 
absorption groove portion having a groove width of less than 
3 mm (preferably, more than 0.5 mm and less than 3 mm), 
while obtaining 50% of an opening of the absorption groove 
portion or all absorption holes for the absorption portion 
of the absorption board, so that the gap accuracy of two 
sheets of substrates 26 and 23 arranged at opposite 
positions can be further guaranteed to be less than 0.1 pm, 
and the image spot defects can be further removed. With the 
above arrangement, when the substrate is determined to be 
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glass, it is possible to lift the substrate made of glass 
having a thickness of 0.7 mm in a state of chamber pressure 
of 0.8 Torr. In addition, in order to ensure that the 
conventional drawbacks are avoided when the hole diameter of 
each absorption hole of the absorption apparatus is less 
than 0.5 mm, or the groove width of the absorption groove 
portion is less than 0 . 5 mm, a hole diameter of each 
absorption hole of the absorption apparatus is determined to 
be more than 0 . 5 mm and less than 3 mm, or the groove width 
of the absorption groove portion is determined to be more 
than 0.5 mm and less than 3 mm. In addition, to actually 
use it safely, it is desirable that an aperture ratio. of the 
absorption hole is more than 70%. In addition, as shown in 
Fig. 4, the spacer 30 may be arranged and pressed on the 
upper side of the upper substrate in a region corresponding 
to the region of the adhesive 21 and the liquid crystal 22 
of the lower substrate 23. An absorption groove portion is 
also formed in the spacer at approximately the same position 
as the absorption position of the absorption board 27, and 
it can be ensured that the spacer 30 allows the upper 
substrate 2 6 to absorb the upper substrate 2 6 through the 
absorption board 27. 
[0023] 

With the above method, the spacer 30 is also arranged 
on the upper side of the upper substrate 26, in a region 
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corresponding to the region of the adhesive 21 and the 
liquid crystal 22 of the lower substrate 32, so that a gap 
accuracy of two sheets of substrates 26 and 23 arranged at 
opposite positions can be suppressed up to less than 0.1 pm 
and image spot defects can be removed, irrespective of a 
flatness of the absorption board 27. 
[0024] 
[Effect] 

As described above, according to the present invention, 
a gap accuracy of two sheets of substrates can be 
advantageously improved using a method including fixing a 
lower substrate in a vacuum chamber; fixing an outer overall 
surface of an upper substrate through a vacuum absorption 
using an absorption apparatus having a groove hole diameter 
of less than 3 mm (preferably, more than 0 . 5 mm and less 
than 3 mm) or a groove width of less than 3 mm (preferably, 
more than 0.5 ram and less than 3 mm); performing a position 
matching; and moving and pressing the substrates in a 
direction perpendicular to the substrate surface. More 
specifically, when a pressure of vacuum absorption through 
the absorption apparatus is about 0.1 Torr level, a hole 
diameter of each absorption hole of the absorption apparatus 
is less than 3 mm (preferably, more than 0.5 mm and less 
than 3 mm) or a groove width of each absorption groove 
portion is less than 3 mm (preferably, more than 0.5 mm and 



2000-137235.doc 



- 22 - 



less than 3 mm) , a gap accuracy of two sheets of substrates 
arranged at opposite positions can be suppressed up to, for 
example, less than 0.1 pm so that image spot defects can be 
removed. With the above arrangement, when the hole diameter 
of each absorption or the groove width of each absorption 
groove portion of the absorption apparatus exceeds 3 mm, the 
substrate due to the absorption deformed grows larger, and 
thus the gap accuracy of two sheets of substrates cannot be 
suppressed up to less than 0.1 urn and image spot defects can 
be generated. In addition, according to the present 
invention, in a case where 50% aperture area of an opening 
of all absorption holes or all absorption groove portions of 
the absorption board 27 is secured, when the substrate is 
determined to be glass, it is possible to lift the substrate 
made of glass having a thickness of 0.7 mm in a state of 
chamber pressure of 0.8 Torr. In addition, in order to 
ensure that the conventional drawbacks are avoided when the 
hole diameter of each absorption hole of the absorption 
apparatus is less than 0.5 mm, or the groove width of the 
absorption groove portion is less than 0.5 mm, a hole 
diameter of each absorption hole of the absorption apparatus 
is determined to be more than 0.5 mm and less than 3 mm, or 
the groove width of the absorption groove portion is 
determined to be more than 0.5 mm and less than 3 mm. In 
addition, when an aperture ratio of the absorption hole is 
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more than 70%, it can be used more stably. 
[0025] 

In addition, using a method including arranging a 
spacer on a lower side of a lower substrate in a region of 
an adhesive and a liquid crystal in a vacuum chamber; fixing 
the spacer to a pressing unit such that the adhesive side 
and the liquid crystal side face upward; fixing the 
substrate through vacuum absorption using an absorption 
portion; performing a position matching; and moving and 
pressing the substrate in a direction perpendicular to the 
substrate surface, a gap accuracy of two sheets of 
substrates can be advantageously improved, irrespective of a 
flatness of a member having the lower substrate thereon or 
the absorption board. From the foregoing, while bonding the 
liquid crystal display device, image defects or image spot 
defects generated in the prior art can be prevented. 
[Brief Description of the Drawings] 
[Fig. 1] 

Figs. 1A, IB, 1C, and ID are schematic diagrams for 
explaining a method of bonding two sheets of substrates, as 
a liquid crystal substrate bonding method according to a 
first embodiment of the present invention. 
[Fig. 2] 

Fig. 2 is a schematic cross sectional view showing a 
modified example of a method of bonding two sheets of 



2000-137235.doc 



- 24 - 



substrates according to the first embodiment of the present 
invention . 
[Fig. 3] 

Figs. 3A, 3B, 3C, and 3D are schematic cross sectional 
views for explaining a method of bonding two sheets of 
substrates, as a liquid crystal substrate bonding method 
according to a second embodiment of the present invention. 
[Fig. 4] 

Fig. 4 is a schematic cross sectional view showing a 
modified example of a method of bonding two sheets of 
substrates according to the second embodiment of the present 
invention - 
[Fig. 5] 

Fig. 5 is an exploded perspective view for explaining 
an arrangement of a typical liquid crystal display device. 
[Fig. 6] 

Figs. 6A, 6B, and 6C are cross sectional views for 
explaining a conventional liquid crystal dropping method. 
[Fig. 7] 

Figs. 7A, 7B, 7C, and 7D are schematic cross sectional 
views for explaining a method of bonding two sheets of 
substrates in the prior art. 
[Fig. 8] 

Fig. 8A is a plan view of an example arrangement of an 
absorption groove portion 27a-l in a rectangular shape and 
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in a groove width of less than 3 mm, as an example 
arrangement of an absorption portion 27a of an absorption 
board 27, Fig. 8B is a plan view of an example arrangement 
of a plurality of groove holes having each hole diameter of 
an absorption hole 27a-2 of less than 3 mm, as an example 
arrangement of the absorption portion 27a of the absorption 
board 27, and Fig. 8C is a plan view of an example 
arrangement of an absorption groove portion 27a-3 in a 
rectangular helical type having a groove width of less than 
3 mm. 



[Reference Numerals] 
21: adhesive 

22: liquid crystal material 

23: lower substrate 

24: table 

25: fixing pin 

26: upper substrate 

27: absorption board 

27a: absorption portion 

c 

27a-2: absorption hole 

27a-l, 27a-3: absorption groove portion 

28: ultraviolet illumination lamp 

29, 30: spacer 

120: absorption board 
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120a: absorption portion 

127: vacuum absorption device 

128: pressing device 

129: absorption device 

C: vacuum chamber 
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ffi B a a ^^iJ^±(i{CfS] < £ 3 £@£ u ±ETSK*c» 
WHWWteU ±ET«Sfc±ffi±«gOW35FO* 

»tt*tfT4nEEU ±E±BKfc±ET«E*B9*to 10 

[»*«2] ±ETS«OT«OM"Jffi£ffi*. «7X 
&#0. 5m«^gx.T3«iBWTXttiilSA t 0. 5ma£gJ 
^T3iiBWTO»»aS*i:J:5Ka«R«T*@S-rsa*3S 

»Matf±EI»WO«*rtfcX^-**EB LT> 

EfS[?tifc±^OWIIIffi^ffi«:»SgptJ:5KS»|f 
T@£U ±ET«Rfc±E±««<0iai»O«fi*«» 

faEU ±E±afit±ETSS*BO^*>-&*ci:^ 

4 ] ±E±SKO±«*c±ETSS©±E» 

^3&tf ±E«aa»EtoiBSrt t «a-r « a«fc t 

-**EB UrinE* 3ft *«3 ICEKOSJIMSOHI 

5 ] ±EK«»t J: 0 ±E±»K*@£f * 

«*& 6 ] ±mam&wtL<MMtK*L r> m&z 

tU ±E^O»*«fcaa»'rsffi(0^ffi»cJtLTO 
KX^HQW 5 0 %tt±T?**H*K l - so^rn 
*^E«o*as«(DftS D *fe-W5Ttt. 

[fg^P^IM 
[000 1] 

[0002] 

SoffliStt. 05K^rt<fc3£. J*lRiLTES?tifcai 
fttt#ftfr£££TBJ£l fc±S«2i:<oia»c-So4 ir 
•v y :/*SS**t^ ^OHfcSI>tt8B!flS<0»*9J 3 



t*J:3fcLT^3o ®6 (a) ~ (c) fcjjcT 
«fc 3 £ SAtm 4 3 AfcEE* *-o©*j£ 

tr, tsis i <dk®£, »a#j3*js*3 o /i in-era 

ft»ttte44*Lfc*, Jg^J3 0H^^^^c?S B a a ^ 
84«TFU ±4WS2*«to^*>*T±«S 
2i:TSfilOHI«*5 / inSTJlOEU J8*1«5fc:<fc 

[0003] fifR 2 feOg^Ofti 0 £tatf*j£fc:flfl L 

r^7 (a) ~ (d) zm^rmmicmmrzo $*\ 

07 (a) fcg^TJcSfc* 8ffi(dKfL3 0jxBT?egft# 

ttt ? n^nans(bsoft«« 3 3 

OE3ft»Ortfflk:»S 4 3b<EB*ttfcT»« 1 
*iait»ftqreE*7 L ~r;I/6±fc»KL, ^Oj^m^g 
£e>7T*@£f£ 0 07 (b) fcS1M:3lc* 
K£**>^-CrtT\ ±ET««l«c»|fii-rsi:5(c 
^©■BT?EB*nfe«D5ro±«E2 Oftffifgft* 

(b) tc^f*?^ crtT* TSffil 

«2fc<D{fi^*H|^-f5 0 137 (c) fc^** 
M^+^-Cfre* JdME2*S«tSftfc5 
ftrf"«inEU ±StE2*«*»j3«:^LTT»«l 
*cWD^t>^So *<D«* 0 7 (d) (^^3^, & 
^5ftlH«LT»»J3*«{f:«^T, Tg&l£± 
g& 2 OK 9 ^^^^7t^ 0 
[0 0 0 4] 

®»a« 8 o*Bafc^o«a*' 5 Baw±xttK3»aiffio 

IBB* l **<«:9. WfcO. 7inni(OlSiPcr)±S^2<0^ 

0. 1 fiBJ6Ltfc*oTL*i,\ *tyrA7fc<t« 

»*@B*r^<, ®»««8OSR»^O^S*0. 5 
B"ttTX«R»»ffl©»««:0. SBaMTfrst, » 
«ftt« 8 0*«»^XttiR»«»TOSBSfigi3b<*t < 

8»»f3iRtfj8a4*«Efi^tiT^5S«W 
Offi«t>taELTL*3fcA6. ^0<fc3«:±afi2ftlf 
Tgffi 1 OS»»j3 ©««^OS«^±»KtTSfit 

^ 4 o««rt^a^ic jda«fcT«fii:oiai(t:a l 

0. 1 ftBtt±fc&oTLSt\ ^y^ix^fciSB 
«^7^Ffifcv^3BajB*SbTt^Co 6EoT> *fg^(7) 

awtt, ±EP^ia^»tt'rsc:fct*-3T, temiftcf 
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[000 5] 

fflWFfflSL, ±ET«fifc±B±»tKOSB5ro«fi 

3 G ±El»«fc:J:ntf, *tfi?-*{MfcEg£nfc2ft 
[0 0 0 6] *J8WO»2«HWcJ:ntf, ±ETBfi<E> 
TXttSStfO. 5BB£jH*T3aB«T©«l*WcJ:3 

[0 0 0 7] *%W©S3«ttfcj:ntf, H^-TVA 

rtfcX^—y-fcEBLT. fitfffJM&tfjfta^iRf^ 
Weft < J: r> £ftnE:i - y h fcB£ u ±ETg&£;ft 
IrJ-T S «fc 9 fcBfSOBPlT«B«tifc±«gO>Ulliii* 
B*Wia«cJ:«l^!R«T*@£U ±ETSfifc±E 
±MOSi»©aiR*ffl»ttfcaiEiB35riqilc8ii*-frT 

[0 0 0 8] *«WO«4J8fl«c«fcnJf. ±E±SIE<D 

tffla-r t A-*— 9-*seb LxtoEEt zm 3 

E»J8fc«fctuf % ttfaT&{£gKEM2ftfc2ftcog;K 
0***7*1**0. 1 fidKTteHflWT**. 
[0 0 0 9] *WHO»5a«fc:J:ntf, ±E»»fflfc 

ct o ±E±gffi£ii£ <r sig 3 a^KEKottAs&o 

«ffl«tE«*nfc2ftO««O*+y7 F »ff*0. 1 
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[ooio] mmomswaacjutia. jjebhhkp 

S£ 1 - 5 W^n^O««fc:E*O«taSfiOBS0S- 
[00 1 1] 

ffi*BBfcg^TBIHfc:8WI'rs. 
10 [00 I 2 ] (51 1 *46®Jg)*»^OS i Hffi^fitc^ 

01(a), (b) , (c) , (d)SOT2«nVT 
■WW*. Hi (a) , (b) . (c) . (d) 

t\il (a) tcjjk?&5lc, £Bfc0!tetfJP#3O/i 

■^ra«iWfc!6**nfc*jt«aflffl©aatjB2 ir 

CR-<D»»W2 1 ©M»Ort»fcjBWm2 2ff»T 
«fcJ:DE««n^^a»tt*J«^6ft«T«R2 3* 
20 *¥*ia«c8»^gl*7 L -^;l/2 4±(i:lS«U Blttr 
V 2 5 T'TSJg 2 3 <Dftm%T-7jl 2 4 (C^^pJtC 
Uf7/S 1) o c©H5B&tttt»»-CfcJ: 
t\> ±IEf-7/l/2 4Q#J£LT(i x X^Tfqj^YTDfRl 

»]2 1(0/1**43 0/i«fCfiB51\ fftOMfcLTI 5 ft 
m~3 5 /im^i^tlTt^o 
[0 0 13] (b) ^^-r<fc5*C, -r-TVb 

30 2 4f*:aS?tlfcTa«2 3*KSf-W/^-CfcA 
ft. XSK3lttKl 2 7fci»g£ft;fc&ft&3MttT© 
*S»OK»^Xtt»e 3 bb«T0®»*S£ £0»«8fl 
2 7 i*§«»tB2 7tcfcO, SKKtttm^6ft« 
±g&2 6<DM&£m?%t>*>mi (b) Tti±ffi*K 
(Mfctf, K*ffi2 7 aOff^O. lTor 

6<0rt(SI^®f^t>^Bl (b) W±Tffi^7tc¥}5flRl» 

/cx~7 r ;l/2 4 *7jc 5 F^l&lfc:»a^^T, TS«2 3 
40 ±SS2 6 fcOfflBftto**** (Xfy^S 2) o ± 
gffi2 6©a3fctt#«(DX*»URtrFSS2 3 0tm© 

[0 0 14] (B) (C« x R3Vfi2 705S 

^2 7 a0^filcO-^Ji:LT. fR*tt2 7<D«fiffirt 
t»J6-rS«g«fcEli*nfc»««2 7 a - 2<7)§ftg 

3*^BaTO^ft<0»«^OESM(DTffiHT*So B 
8<0 (A) f (C) fctt, ^tlftU ®*^2 70£R« 
g!5 2 7 aO*«OHHfc LT, ^j^2 7^SS®rt(C 
Sfi-TSfiiSfcEil^nfc:. »«3bbWTO®B«OIR 
JO ^iHgp 2 7 a - 1 OEttlMOVSSBRIf »« 3 bbLXT<D 
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£JBMS£tfcD«*«ffi2 7 a - 3<D&,mm<D¥ffim% 

0J*tfJP;*O. 7 n\m<DJj7XM<Dmfo*?-*y^-& 
*0. 8Tor r<0#cffiT»-6±lf9*c:^^nrfigfcft 
So £fc. fft*H«<0jMft»^O^S«0. 5«ib«TX 

S*0. 5n«jB^r3nUTXti:«KNffOj|IM« 
0. 5u^T3mmaTlct«, fcfc, ££LTH 

[0 0 15] 01 ( c ) tC^-rjc^C, jf)DE^- 

2 8fc«t0 % W»«2 7*SB»ftfcT»*-&T, ±S 
i26 feffiKM 2 1 ^ LTTgJS 2 3 (CftS D £tH*\ 
±S&2 6 £T«£2 3 £0NM#5 Jim Efts* "Ota 
ET* Ufy^S3) o £*b\ ±«&2 6£Tg&2 

8 Mm«»fe*tltf 3 Mmm1Sfcfc*$T*iflE-r3J:5 
JcLTt>J:l/\, 01 (d) tc^T^-Mc. U 

?)^i:fc2O0SIR2 6. 2 3£x-7/l/2 4££t>ic 

2 6,2 3 <D±#fr £ Jg^fiSSi*^ >^ 2 8 Jgfl« 
t&CtWV^ B40^±fc2O<D*K2 6. 2 3®'<D 

2 1 (c c <o^»^Bg«i- 5 c t itvzxwa&m 
%\2 1 itmmmttT. Tmm 3 t±iS2 6o 

BD*feW±3fc7*-* (7f7^S 4) . 

[0 0 16] COS-ffiJCfctltf, «g|5 2 7 aOEAtf 
tt 0 . lTorr l^l/T*** £ tflHM 2 7 OfRtfffi 
2 7 aO*(R«^OK^tt»W«»OjPMB*3min 
KT (S£L<tt, 0. 5mm^ffi^T30uiJ^T) £T3 
CfcfczJc'K #lRrf3ffigfcEB*nfc2te0Sfi2 
6,23 *y 7lt££ 0. 1 p nttTfc«I»jT?t. 

U &gffi2 7 0J»82 7 a©*9W^(D?tSXtt* 
fR«aiaO»«^3nini*jB^«<t3t-r5i: % 
*S«fi0g««tf*£<fcD* 2#<Dg&2 6, 2 3 
<W> y T^JS^r 0 . I ft mMTfcfflftJTt £ < * 0 . 

[0 0 17] t/c v !2(^t ct-Jfc:, Tg&2 3<DT 

9fca&£ftfc&ftS3mnWT OfSKIi, 0. 5 mm 
KB* X 3 nOT) O^flPOOT^OUiffiB 3 mmOT 
(ff*L<«, 0. 5mm£ffi*T3mmfcCF) OfitfjRffi : 
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20aW«8t«l 2 0*cJ:«RS 

[ooi8] (mzmmm*ftw<o&2mmmci* 

03(a). (b) . (c) , (d) RtfH4*ffl^T 
■Sfl-fS. 03 (a) , (b) . (c) , (d) im*) 

10 t\ 03 (a) MGICfljttfJi*3 0 ji 

■T-Hft»«lca*?tifcS6W«B5fbSO«*9J2 1& 
tf*©8*»|2 1 02gft»Ortffl{C»Sttft2 2A1T 
*t«fc*)ffiB^tl*Oj©ttt*tSA^3a:ST:SK2 3© 

Tiio, £*#j2 im«b h B 2 2<os«rtfc*as-r*« 

Wfcwjs-rsaat, -9-2 9^eslt, 

2 3*fw^tt^o*¥*ftte»ft^(iwoigibBr 

ffi**r-^;l/2 4±tC»RU ©^tfy2 5T'Tg&2 
30»JB*x-y;b2 4te8IHFBrjc:fiBS-r* (Xf^ 
1 Do ±Ef— ^>b2 4©«lhLTtt. X^fqjR 

20 t/Y*ifiiffi»s@<D^ti^nfc<tt), fefcWfcixarifii*: 
R X £ fi£-r £ Y # ft i: o) 2 SifiKczk^ifiiffirt T? 
a^®pJ^XY7 1 -y;W«tw\ x^— 9-2 9©- 
0!l£LT, WfflfiiA^O, JKttO. 5-3m 
mV&*>* %<OmVltLT&* 7—7)12 4fcX'<— » 
2 9*ALTTSS2 3*K»^^srci60»5lfflO^ 
»O^*l/^T*5 0>. AO, 9-2 9gft£:LTM: 

0. 1 k g/mm'gfiOHMt 
^t^O«Lt^„ ±E«*BW2 1^^2 2 

o««rtKiffls , r *««t»isr*H«fcx^— 9-2 9 
30 *&w& % c tic& ±nmm\ 2 1 Rzfins, 220 

ffl$X<0 2 %L<DW$L 2 6, 2 3 TttfifcfiffSIB 

[0 0 19] 03 (b) ICtkT JcSt, 
2 4fc@S^tifeTSfi2 3*Jt^^>/^-CtcA 

tu ngwsmm. \ 2 7«ciie$nfc#^S3 hoto 

2 7a^*r5©@^2 7(cJ:t), a«tt#»^6J5:S 
±atE2 6<D»ffl^ffi'r*t)"&H3 (b) 7?tt±ffi^K 
S9»-ea^LT, ±*K2 6©rt«£ffi'f&fc'6H3 
40 (b) TttTffi^7jc¥*iRi}et^fc:»9J:9fc:ES , r«, 
T»£2 3 J&JSKLfcr-7;l/2 4 ^7k¥^I«I 
fc:»»^-&r, 2 3 ^±g® 2 6 fcOfflB^to* 
^-T^ (Xr^^S l 2) . 

[0 0 2 0] 03 (c) ICTjkt^olC^ toE^L- 

2 8fcJ:ti> K§ffi2 7£gE£fitem*-£T. ±» 
^2 6^g«gij2 l^LTTS«2 3fcRSt)^^ 
±gffi2 6 tT^«2 3 2:OIIMI#S m iSTStaE** 
(Xx7^S 1 3) o 03 (d) tC^1-J:3 

JO fC, «?)^Hi:fc2O0SK2 6. 23^x-^;U24i: 
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©««»J2 ItCOKWW^fHIt-racfc^TtTKft 
##J2 1 **»«Hfl:«*T, TS&2 3 t±m&2 6 
OM0^t>«i^7-r5 ttry^S 1 4) „ 
[00 21] C^Citlfl T»£3 2<D»«*J2 
1 &tf«S2 2©fi|«rtti:ffia-r5*««uX^— 9-2 9 

©KtcKSSft-f^ #firsttBfcEg£ttfc2ft<D 

[0 0 2 2] &4o\ «2*ft»»T*fc, Sl^ttJBJgfc 
naUc«VB2 7 0^gg|52 7 a<0M^ftg3 ufi( 
T(»£L<tt % 0. 5bb£S;LT3bbOT) ^>^ttO 

wmnximfc 3 m^t «y * l < it, 0 . 5 mfca* 

mm 7<DRSffi2 7 a <D^T©K*^Xti»*»8PO 
fcEgStlfc2tt08«2 6, 2 3 0^+»y^mjt^ 

o. 1 iimixTiczzimmizmn^, msa^s 

8 To r rOttT*#$±lf5%c£imt£t%:&. £ 

0 . 5 uttTic t/ci: 

0. 5iio*ffi^T3iBdMTXtt»*»«0«B*0. 5 

±«C, Tg^2 3<Offi»»|2 1 RXfmih2 2 09|^ 
fclBa-TSSWfctX^— 9-3 O^BBBLTllDELTt 
<fcv\> ^-»3 0lc(«IB2 70WHKi:Mm 
«*ffl«lc!W»awJBj««tiri39, X^-1f3 0£ 
ttLT»»«2 7fc<fct>±S«2 6«mtfciRVT«« 

[0023] c<d£v^ ±mme<o±m^ rmm 

2 3<D&tfft|2 lKffSB2 2 0««rttffiSf««« 

<Dg&26, 2 3<D**y:7tte*0. I ft m^CRcflU 
[00 2 4] 

G8W<D»«] &±<DJ:5£, *«HtJ:Wf, 
»^S3iibWT (»£L<tt, 0. 5n*tttT3nH 
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T) Jl&ffim3mWF tt?£L<fi;, 0. 5mn*fflilT 
3mmOT) <fc*K£«tfT@£U fiffi£ 

fBflUcJcSJtffiftHOEA^KlO. 1 To r r 

±E»«a*OS»*«<D^S*3MWT (»£ 
L<tt, 0. 5ma^iE^T3mBttT) Xtt»»««g|W) 
i*H«3uUT (»tt<«, 0. 5niB^i@AT3n!BiW 
10 T) £tZ££lc&t)^ »lRir*(fiS*i:Eg?nfc2tt 
©StEO^-v «v 0 . 1 m mOTtc«JT* 

T, t.U ±E»^««|oft««7t©^SXtt*Ra« 
aP<0«(a^3mm€:jB*«J:5t:-rSi:, 9Mtc*zm 

«ose«*^<ftD, 2tkoa«(o^y^Bs«- 

< fct»±E!R»«B*O^T<0»»^Xtt^T<DK*«» 
^IMi^O 5 0 <fc 5 fc-TtWf . <EfcS« 

20 ^7XO**€gSLfcfcf % mi^tf/P^O. 7mm 
O**^XBiOaK^-v>/^-E*0. 8Torr^ 

0 . 5 ■■WTXtt>R*««0»««: 
T 3 mm WTXtt»**«0««* 0 . 5 X 3 mm 

WTfcts, #45, »*^wp*tt 7 o %y±zmu? 

[0 0 2 5] KS^-v^^-rttTTSS^TflJ 
<0¥®fifc»»^n-ffc:, 2ftoi8o*t-^fi* 

40 [Bffioffi«t«sin] 

[01] (a) , (b) . (c) , (d) tt*$m<D 

mmmx&Zo 

C83] (a), (b) . (c) , (d)tttawo 
50 ©rcil^T'^So 
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10 2 9-X^— 9\ 3 0 • 12 0-Stfi, 1 

2 0a-Mft l 2 7-K2SK3ISS, 12 8-WE 
SB. 12 9-K£»5I£S. C 



[Hi] 



[132] 



(o) 



25 g i ^ ap 



lb) 



El* 





21 Z2 



129 



J J 120a 



120 



KM 2 0 0 0 - 1 3 7 2 3 5 



[03] 




cm 5] 




(c) 



$$fff] 2000—1 37235 



[07] 



3 4 



CM 




7- 




3=1 



(4) 



*wv\v\> 



3 I 4 ^€ 



(6) 





tCl 27a -a 




27 



F 2H089 NA24 NA38 NA44 NA48 NA53 

NA56 NA60 QA12 QA13 QA14 
TA01 TA06 



